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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#94-e, a new Work Item for Rel-18 on “MIMO Evolution for Downlink and Uplink” was approved, and the motivations, scopes, and objectives were agreed in [1]. Among the objectives, the underlined in the following are related to SRS enhancements, mainly in the aspects of SRS for TDD Coherent Joint Transmission (CJT or C-JT) and 8Tx operation:
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we analyze the objectives and present our general views on the study and support for SRS enhancements targeting TDD CJT and 8Tx operation.

SRS enhancements targeting TDD CJT
TDD CJT scenarios and evaluation methodologies
TDD Massive MIMO can provide high spectrum efficiency (SE) and is widely considered as a key technology for 5G NR. However, the current 5G NR TDD system provides only moderate performance benefit over 4G LTE TDD system with the same antenna setting. Further enhancement of TDD Massive MIMO for even higher SE is desirable for NR. For example, except for multi-TRP NCJT, CoMP technologies have not been thoroughly explored for NR, such as CJT, distributed MIMO (D-MIMO), distributed cooperative MIMO, etc., which are highly motivated by new network architectures such as Cloud RAN (C-RAN) and have been proposed and discussed in RAN Rel-18 preparation workshop and emails. In [2], a proposal to study and support CJT was submitted to 3GPP, with the following key motivations from some operators:
Operators mention promising gain observed from CJT field test in at least indoor scenarios and outdoor intra-site scenarios. 
Operators express willingness to optimize CJT performance and to extend CJT application scenarios, including indoor scenario, outdoor intra-site scenario and outdoor inter-site scenario.
In addition, several sources also provided evaluation results to show high performance gains of FDD CJT and TDD CJT. Therefore, CJT is a promising technique that deserves study and support. In this contribution, we focus on TDD CJT. Some general CJT related issues are discussed in a companion contribution [3].

To study and support TDD CJT, some assumptions and requirements were provided by the WID [1], focused on the SRS-based CSI acquisition for TDD CJT. Below we analyze the SRS scenarios for TDD CJT taking into considerations of the WID assumptions and requirements.
1) Network deployment
Multiple or all TRPs in a network are deployed with ideal backhaul and synchronization on one or more FR1 TDD carriers. The TRPs are capable of transmitting DL signals with desired phases / aligned phases across them, and can control the served UEs via timing advances (TAs) such that the received UL signals have aligned phases at a TRP. For the purposes of this agenda item, one carrier is sufficient for the CJT work. All the TRPs have the same number of antenna ports.
A number of UEs are served by these TRPs, in which one or more UEs can support TDD CJT and each such UE can be jointly served by 2 to 4 TRPs, but the UEs can also operate in the single-TRP transmission mode according to the network decision. The other UEs may support NCJT or single-TRP transmission, and each such UE is served by one or more TRPs. 

2) General simulation considerations for SRS transmissions and inter-TRP cross-SRS interference
All UEs transmit SRS for purposes of DL CSI acquisition (with usage ‘antennaSwitching’ to support DL CJT/NCJT/single-TRP transmissions) and UL CSI acquisition (with usage ‘codebook’ or ‘noncodebook’), and sometimes also for TA / UL PC adjustments. (Beam management is not included here as this is for FR1.) In general, a UE may need to send SRS to each every TRP serving the UE. Given the limited UL slots/OFDM symbols in TDD networks, this can lead to severe SRS interference issues (if some SRSs are not orthogonal) and/or SRS capacity issues (if some SRSs are orthogonal). Therefore, the objective of this item is to manage inter-TRP cross-SRS interference via SRS capacity enhancement and/or reducing the impact of interference by interference randomization.
Consequently, in this study, SRSs should be transmitted by different UEs on non-orthogonal resources, e.g., on partially/fully overlapped subcarriers on the same OFDM symbol. To be more specific, orthogonal SRS transmissions include the following:
· TDM: the SRSs are on non-overlapping OFDM symbols;
· FDM: the SRSs may overlap in time domain, but they are on non-overlapping subcarriers, such as on non-overlapping PRBs or on non-overlapping subcarriers of overlapping PRBs (e.g., with different comb shifts); or
· CDM: the SRSs may overlap in time domain and frequency domain, but they are configured with the same sequence and different cyclic shifts (provided that the delay spreads are not excessively long).
Note: For the FDM / CDM to work, the SRSs should be transmitted with TAs / powers according to the respective propagation channels. 
For all other cases, the SRS transmissions are non-orthogonal. Specifically, even when the SRSs are on different subcarriers of an OFDM symbol (i.e., FDMed), or with the same sequence and different cyclic shifts (i.e., CDMed), if one of the SRSs is not transmitted with a TA / power according to the respective propagation channel, SRS-based channel estimation performance may degrade significantly, especially if the SRS is received with a non-negligible timing offset and power imbalance relative to the other SRSs. The root cause for such a timing error or power imbalance of a SRS transmission experienced at the TRP’s receiver side is due to the reason that the SRS may be transmitted with a different TRP as the target of the SRS. All the non-orthogonal SRS transmissions should be considered in order to manage inter-TRP cross-SRS interference as specified in the WID objective.

[bookmark: _Hlk101352017]Proposal 1: To manage inter-TRP cross-SRS interference, consider non-orthogonal SRS transmissions on overlapping OFDM symbols, including 1) non-FDMed SRSs, 2) non-CDMed SRSs, and 3) FDMed/CDMed SRSs with non-negligible received timing offsets and power imbalance.
 
3) Key considerations for link-level simulation (LLS) 
[bookmark: _Toc90025765]LLS is the most typical way to study inter-TRP cross-SRS interference and should be the primary focus when dealing with inter-TRP cross-SRS interference. SRS LLS has been performed in RAN1 in many agenda items of most releases, e.g., the latest being in Enhancements on SRS flexibility, coverage and capacity in Rel-17 FeMIMO. All the general evaluation methodologies used in the past for SRS LLS can be reused / adapted in this work item, with at least the addition of explicit modelling of non-orthogonal SRS transmissions on overlapping OFDM symbols as described in Proposal 1. Therefore, the following discussions for SRS LLS are provided:
Numbers of TRPs and UEs in the LLS
Though it seems multiple TRPs are needed to study inter-TRP interference, based on the above analysis of non-orthogonal SRS transmissions, inter-TRP interference can be equivalently captured with 2 UEs and 1 TRP receiving SRSs transmitted by the 2 UEs on overlapping OFDM symbols, and the SRSs are non-FDMed, non-CDMed, or FDMed/CDMed with non-negligible received timing offsets and power imbalance.
LLS with non-orthogonal SRSs
More details on the non-orthogonal SRS transmissions in LLS can be discussed, including non-FDMed SRSs, non-CDMed SRSs, and FDMed/CDMed SRSs with non-negligible received timing offsets and power imbalance.
Baseline orthogonal SRSs
The SRSs are FDMed and/or CDMed, received with timing offsets much shorter than the CP and with similar power levels on the same OFDM symbols by the same TRP.
Modelling non-orthogonal SRSs
The first SRS, namely SRS 1, is transmitted with a certain number of antenna ports, a certain frequency-domain resource allocation (PRB locations, comb and shift, and frequency hopping/non-hopping), and a sequence/cyclic shift. It is received with the desired timing and power level by the TRP (i.e., aligned with the TRP’s target received timing and power level).
The other SRS (or other SRSs), e.g., SRS 2, may be transmitted with the following parameters: 1) numbers of antenna ports same or different as SRS 1, 2) frequency-domain resource allocations same or different as SRS 1, 3) sequences same or different as SRS 1, 4) cyclic shifts same or different as SRS 1, 5) a variable received timing offset from SRS 1 by up to +/-1 CP, and 6) a variable received power level different from SRS 1 by up to +/-6 dB. There could be many combinations.
As a result, the SRSs are non-orthogonal and can lead to channel estimation performance degradation for SRS 1 and/or the other SRSs.
SRS performance evaluation
The common performance metrics for the LLS include SRS-based channel estimation performance metrics (e.g., normalized MSE) and in some cases, cross-correlation between the SRS transmissions. Cross-correlation evaluations may not be sufficient for the cases of SRSs with received timing offset / power imbalance but can still be used for other cases.
Another important issue is whether the SRS-based channel estimation performance evaluation is only for the first SRS transmission (e.g., only SRS 1) or all the SRS transmissions (e.g., SRS 1 and SRS 2). When only the first SRS transmission performance is to be evaluated, the other SRS transmissions are treated as inter-TRP cross-SRS interference. On the other hand, when all the SRS transmissions are to be evaluated, the other SRS transmissions are also viewed as useful signals that the TRP needs to utilize for the CSI acquisition (e.g., channel estimations for the non-orthogonal SRS 1 and SRS 2 are needed). This is related to the discussion below on TRP-common SRS and/or TRP-specific SRS and will be further analyzed.

4) System-level simulation (SLS) 
SLS can be used to evaluate TDD CJT performance, but it may be quite cumbersome to incorporate all the details to model inter-TRP cross-SRS interference as outlined in the LLS assumptions above into SLS. In general, it is well understood that the DL performance improves if the CSI acquisition performance improves, and hence SRS-based LLS should be sufficient for TDD CJT research work. SLS for TDD CJT (if any) can still be useful, but it seems that the main focus should be LLS.
As the TDD CJT is primarily focused on SRS-based LLS, and SLS for TDD CJT (if any) shares a large portion of evaluation methodologies with FDD CJT in agenda item 9.1.2, the SLS methodologies for FDD CJT and SLS methodologies for TDD CJT (if any) may be jointly handled in agenda item 9.1.2 for CSI enhancement (which includes CSI enhancement for high/medium UE velocities and coherent JT).

Proposal 2: For evaluations of SRS enhancements to manage inter-TRP cross-SRS interference targeting TDD CJT, focus on the following baseline assumptions:
SRS-based LLS: 1 TRP and 2 UEs with non-orthogonal SRSs 
E.g., with same or different numbers of antenna ports, frequency-domain resource allocations, and sequences/cyclic shifts; with received timing differences by up to +/-1 CP; and with received power level differences by up to +/-6 dB
FFS: evaluate the channel estimation performance of only one of the SRS transmissions (e.g., one as useful signal and the other as interference) or all of the SRS transmissions (e.g., both as useful signals and interference)
Other LLS and SLS are not precluded.

[bookmark: _Hlk100571133]Potential enhancements
A number of potential SRS enhancements have been described or discussed in previous 3GPP contributions (see, e.g., [4,5,6,7,8] and references therein), some in Rel-18 RAN plenary discussions and some in Rel-17 Enhancements on SRS flexibility, coverage and capacity in Rel-17 FeMIMO. An incomplete list of some relevant techniques is given below, which will be further discussed in the rest of the subsection.
SRS interference randomization via partial sounding start RB location hopping in one frequency hopping (FH) period 
SRS interference randomization via new cyclic shift mappings
SRS interference randomization via new sequences for partial sounding start RB location hopping 
SRS capacity enhancement via partial frequency sounding with higher PF factors
SRS capacity enhancement via increased numbers of cyclic shifts
SRS interference reduction and capacity enhancement via sequence truncation
We are also open to other potential enhancements to help manage inter-TRP cross-SRS interference targeting TDD CJT.
TRP-common SRS and/or TRP-specific SRS
Some initial analysis of two different approaches of sending the SRS for CJT, i.e., TRP-common SRS and TRP-specific SRS, is provided here, and the two approaches are illustrated in Figure 1.

[image: ]
Figure 1 Illustration of TRP-common SRS and TRP-specific SRS approaches

In Figure 1, 2 TRPs serving 2 UEs are shown. 
UE 1 is served by TRP 1 and sends SRS 1 targeting TRP 1, i.e., its TA / power are set according to the propagation channel between UE 1 and TRP 1, and SRS 1 is received by TRP 1 with the desired timing / power level. UE 2 is a CJT UE served by TRP 1 and TRP 2. 
UE 2 sends at least SRS 2 targeting TRP 2, i.e., its TA / power are set according to the propagation channel between UE 2 and TRP 2, and SRS 2 is received by TRP 2 with the desired timing / power level.

TRP-common SRS
In Figure 1 (a), UE 2 sends a TRP-common SRS, i.e., SRS 2. SRS 2 is targeting TRP 2, but can also be received by TRP 1 via a cross-TRP link, based on which TRP 1 will estimate the channel between UE 2 and TRP 1 and use the acquired CSI for at least the DL CJT. SRS 2 is non-orthogonal with SRS 1, i.e., they may be on overlapping/non-overlapping OFDM symbols and with non-negligible received timing offsets and power imbalance, regardless of being FDMed/non-FDMed/CDMed/non-CDMed. The received timing offsets and power imbalance are due to SRS 2 NOT targeting TRP 1, i.e., its TA / power are NOT set according to the propagation channel between UE 2 and TRP 1. In this sense, SRS 2 is not only an interference to TRP 1 but also a useful signal, and channel estimation by TRP 1 based on SRS 2 is needed for CJT.
The pros of TRP-common SRS include reduced SRS overhead and hence reduced cross-SRS interference. 
The cons, however, include the generally non-negligible received timing offsets and power imbalance at TRP 1, which may cause inter-TRP cross-SRS interference and difficulties in performing channel estimation for UE 1 and UE 2, especially for UE 2 due to its TA / power issues with SRS 2 received at TRP 1 via the cross-TRP link. Though there are cases where the TA offset / power imbalance are still negligible (if TRP 1 and TRP 2 are about the same distance and pathloss with UE 2), it is our understanding that more general cases need to be addressed in this work item to allow TDD CJT usable in more practical networks.

TRP-specific SRS
In Figure 1 (b), UE 2 sends TRP-specific SRSs, i.e., SRS 2 to TRP 2 at a time and SRS 3 to TRP 1 at a different time (i.e., TDMed). SRS 3 is targeting TRP 1, i.e., its TA / power are set according to the propagation channel between UE 2 and TRP 1, and SRS 3 is received by TRP 1 with the desired timing / power level. Based on SRS 3, TRP 1 will estimate the channel between UE 2 and TRP 1 and use the acquired CSI for at least the DL CJT. 
SRS 2 can still be received at TRP 1 via the cross-TRP link, similar to the SRS 2 in the TRP-common SRS case, that is, SRS 2 is still non-orthogonal to SRS 1 and causes interference to SRS 1. However, TRP 1 does not need to perform channel estimation based on SRS 2. In this sense, SRS 2 is only an interference to TRP 1 but not a useful signal to TRP 1. SRS 3 is also non-orthogonal to SRS 1 due to the non-FDMed/non-CDMed transmissions (for SRS overhead consideration), though there is no issue with the received TA / power level.
The pros of TRP-specific SRS include the elimination of the received timing offsets and power imbalance at TRP 1, which may improve the channel estimation performance between UE 2 and TRP 1, and hence improve the DL CJT performance for UE 2.
The cons include increased SRS overhead and hence cross-SRS interference. 

Although TRP-common SRS and TRP-specific SRS can already be implemented based on existing standards, potential enhancements for TDD CJT may be desirable and different for these two approaches. We suggest further study on these two approaches, such as using LLS to evaluate the performance of SRS-based channel estimation. In particular, one important issue to be studied for these two SRS transmission approaches is the acquisition of phase information at TRP 1 and TRP 2 for UE 2, which is critical for DL CJT. Depending on which one (or both) of the approaches is to be supported, phase acquisition methods and accuracies may be different. Further study is needed. After RAN1 better understands the pros and cons of these two approaches, RAN1 may decide to support one or both of them.

Proposal 3: For TDD CJT SRS enhancements, study the pros and cons of TRP-common SRS and TRP-specific SRS, and decide to support one or both.

Potential enhancements via reducing the impact of cross-SRS interference
Generally, inter-TRP cross-SRS interference cannot be eliminated due to SRS overhead concerns. Given the inevitability of cross-SRS interference, how to deal with the interference, e.g., reducing the impact of interference via improving interference randomization, needs to be discussed.

SRS interference randomization via partial sounding start RB location hopping in one frequency hopping (FH) period 
In Rel-17, RB-based partial frequency sounding was introduced, and for frequency hopping, start RB location hopping is supported across different legacy FH periods. However, for SRS within the same FH period, e.g., with repetition factor R>1, additional start RB location hopping was discussed but not supported. Considering the need for improved interference randomization, partial sounding start RB location hopping in one FH period may be further discussed in Rel-18.

SRS interference randomization via with new cyclic shift mappings
In existing standards, the mapping between SRS port(s) and cyclic shift(s) is fixed and cannot be changed unless a RRC reconfiguration of the SRS. Therefore, once two SRSs collide with the same cyclic shift(s) on an OFDM symbol, they may collide on other OFDM symbols. To improve the interference randomization across different SRSs sent by different UEs, new SRS cyclic shift mappings may be considered.

SRS interference randomization via new sequences for partial sounding start RB location hopping 
In Rel-17, RB-based partial frequency sounding start RB location hopping sequences were introduced. Specifically, for PF = 2,  = {0, 1}, and for PF = 4,  = {0, 2, 1, 3}. These hopping sequences help randomize the SRS frequency locations, but the number of sequences is very limited. In Rel-18, more hopping sequences may be considered to achieve higher interference randomization gains.

Potential enhancements via SRS capacity enhancements for DL CSI acquisition
An effective way to significantly reduce the cross-SRS interference is to increase the SRS capacity so that more SRSs may be multiplexed. Of course this has to be done under the given constraint of not consuming more resources for SRS. Several potential techniques are analyzed below. In some cases, the capacity enhancement may cause the loss of orthogonality among SRS transmissions. However, whether to utilize the enhancement for a particular scenario can be up to the gNB to determine, that is, the gNB can apply the enhancement only if it deems suitable and beneficial for the scenario.

SRS capacity enhancement via partial frequency sounding with higher PF factors
As discussed before, partial sounding can be a useful technique to enable more SRSs to be multiplexed. In Rel-17, partial sounding factors PF = 2 and 4 are supported. For Rel-18, other PF factors can help ease the SRS capacity crunch. Though partial sounding may require a longer time for the UE to complete the sounding on a bandwidth, the gNB can decide to turn on partial sounding with higher PF factors only if the frequency/temporal selectivity is not too severe. Given the current SRS design, additional PF factors such as 3, 6, 8, or 12 can be considered. 

SRS capacity enhancement via increased numbers of cyclic shifts
In TS 38.211, the following maximum numbers of cyclic shifts are supported:

	TS 38.211
6.4.1.4 Sounding reference signal
…
6.4.1.4.2 Sequence generation
Table 6.4.1.4.2-1: Maximum number of cyclic shifts  as a function of .
	
	

	2
	8

	4
	12

	8
	6






One way to increase the SRS capacity is to allow higher maximum numbers of cyclic shifts to be specified. For example, the maximum for comb 2 may be increased to 12, comb 4 may be increased to 16, and comb 8 may be increased to 12. To avoid loss of orthogonality, the increased maximum numbers may only be for FR1 and also subject to gNB decision under the scenarios of short delay spreads, such as in case of small cells and/or indoor scenarios.

SRS with truncated sequences 
SRSs with the same base sequence but different cyclic shifts are orthogonal over any integer multiple of 12 SRS subcarriers. Therefore, to increase SRS multiplexing while maintaining orthogonality (or reducing the cross correlation if the overlapped SRS subcarriers are not an integer multiple of 12), it is desirable to configure the same base sequence for different SRS transmissions, even the SRSs are transmitted with different lengths. An issue with this approach is the increased PAPR. The tradeoff between the higher multiplexing capacity and increased PAPR can be further discussed.

To summarize, we have the following proposal:

Proposal 4: For TDD CJT SRS enhancements, study at least the following potential techniques:
SRS interference randomization via partial sounding start RB location hopping with repetition in one FH period 
SRS interference randomization via new cyclic shift mappings
SRS interference randomization via new sequences for partial sounding start RB location hopping 
SRS capacity enhancement via partial frequency sounding with other PF factors such as 3, 6, 8, or 12 
SRS capacity enhancement via increased maximum numbers of cyclic shifts 
SRS capacity enhancement via truncated sequences 

SRS enhancements targeting 8Tx operation
It is well known that increasing UE Tx antenna ports can significantly improve various performance metrics for UL transmissions and, in the case of TDD, also for DL transmissions. However, a larger number of Tx antenna ports is generally impractical for typical UEs due to limitations in the form factors, battery capacities, processing capabilities, etc. The notable exceptions are CPE/FWA/vehicle/industrial devices which are not subject to those limitations. Therefore, Rel-18 aims to study and specify 8 Tx operation targeting those devices. 
In particular, SRS enhancements targeting 8 Tx will be specified in the present agenda item. Related to 8Tx SRS, in parallel in RAN1, agenda item 9.1.3.1 covers “Increased number of orthogonal DMRS ports; Including increasing orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO”, and agenda item 9.1.4.2 covers “SRI/TPMI enhancement for enabling 8 TX UL transmission; To support up to 4 or more layers per UE in UL targeting CPE/FWA/vehicle/industrial devices”. The three agenda items jointly cover all the key aspects of 8Tx work.

Discussion on scopes for 8Tx SRS
Regarding the UE antenna port support, the following have been supported by Rel-17: 
1 Tx, with 1, 2, 4, 6, 8 Rx
2 Tx, with 2, 4, 6, 8 Rx
4 Tx, with 4, 8 Rx
If the number of Tx antenna ports is smaller than the number of Rx antenna ports, antenna port switching may be supported by the UE. 
For Rel-18 of SRS enhancements targeting 8 Tx operation, a starting point for discussion is whether to include only 8T8R in the scope or also include UEs with more Rx antenna ports, such as 8T16R. It is understandable that UEs such as CPE/FWA/vehicle/Industrial devices may be able to support more than 8 Rx, however, more than 8 Rx has not been discussed / supported in the standards. Thus, the cases of 8 Tx with more than 8 Rx are not considered in this agenda item. Consequently, Tx antenna port switching for 8 Tx is not relevant to this agenda item. Note that this does not preclude any implementation that can support more than 8 Rx with any standard-transparent ways.

Proposal 5: Clarify that the Rel-18 scope for 8Tx SRS includes only 8T8R SRS. 

Potential enhancements: SRS resource set(s) and resource(s) for 8Tx
An important aspect to be discussed for 8 Tx SRS is about how to design the SRS resource set(s) and resource(s). Some restrictions on SRS resource set and resource configurations are provided in existing standards, especially for SRS with usage ‘antennaSwitching’. For example, for xTxR SRS cases with ‘antennaSwitching’, the following are specified in TS 38.214:

	[bookmark: _Toc11352159][bookmark: _Toc20318049][bookmark: _Toc27299947][bookmark: _Toc29673221][bookmark: _Toc29673362][bookmark: _Toc29674355][bookmark: _Toc36645585][bookmark: _Toc45810634][bookmark: _Toc100147444]TS 38.214
6.2.1.2	UE sounding procedure for DL CSI acquisition
…
-	For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4 if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-persistent' and up to one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with 'semi-persistent' are not activated at the same time
…
For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.



Some supported configurations (depending on UE capability reporting as well) are summarized in the table below, where Nmax stands for the maximum number of SRS resource sets, K the total number of resources for all the resource set(s), and p the number of ports per resource.
Table 1 Supported SRS resource set / resource configuration examples for xTxR cases, x up to 4
[image: ]

For Rel-18 8T8R, sufficient flexibility for gNB configuration and UE capabilities should be considered. At least the following aspects may be taken into account:
The number of OFDM symbols to sound for all the 8 ports
This can be related to the latency of UL/DL CSI acquisition for the gNB, i.e., the more the symbols, the longer the latency. This is also affect SRS multiplexing with other transmissions.
The number of antenna ports to sound on the same OFDM symbol
This can be related to the SRS multiplexing capacity, per-port transmission power limitation and cross-port transmission power limitation, etc.

For example, two different ways to configure 8Tx SRS are shown as follows:
1 SRS resource set, 1 resource per set, 8 port per resource
For this case, the 8 ports are sounded on 1 OFDM symbol. The latency is minimized, and it can allow other transmissions, such as PUSCH/PUCCH, to be multiplexed in the same slot. However, the per-port transmission power may be low, which may affect the channel estimation accuracy. In addition, if the delay spread is long, multiplexing the 8 ports using cyclic shifts with comb 2 may be impractical, and comb 4 or comb 8 may be required instead.
1 SRS resource set, 8 resources per set, 1 port per resource
[bookmark: _Hlk101532939]For this case, the 8 ports may be sounded on 8 OFDM symbols. The latency is longer. If the 8 OFDM symbols are in one slot, it may be difficult to multiplex PUSCH/PUCCH in the same slot, but if the 8 OFDM symbols are in different slots, it may lead to even longer delay. Each antenna port may be allowed to allocate higher power for transmission (exactly how high may depend on the UE RF design) and can improve the channel estimation accuracy. Since only 1 port is sounded on an OFDM symbol, it is straightforward to multiplex each of the 8 ports with other SRSs, and all combs can be supported.

Though the above discussions are mainly for SRS with ‘antennaSwitching’, they can be easily extended for other usages. For ‘codebook’, the design can be quite similar to that for ‘antennaSwitching’. For ‘nonCodebook’ and ‘beamManagement’, the beamformed SRS ports may be fewer than 8, and existing designs can be adapted considering potentially more ports.

To summarize, we suggest studying the 8 Tx SRS design including the parameters of the number of SRS resource sets, the number of SRS resources, the number of ports per resource, the number of OFDM symbols, and the allowed configurations for comb / comb shifts / cyclic shifts, taking into account factors including at least UE capabilities, gNB configuration flexibility, usage, latency, multiplexing, and SRS transmission power.

Proposal 6: For SRS enhancements targeting 8Tx operation,
Consider at least the following parameters:
The number of SRS resource sets, the number of SRS resources, the number of ports per resource, the number of OFDM symbols, and the allowed configurations for comb / comb shifts / cyclic shifts
Consider at least the following factors:
UE capabilities, gNB configuration flexibility, usage, latency, multiplexing, and SRS transmission power

[bookmark: _Hlk99709641]Conclusions
In this contribution, we present our general views on the study and support for SRS enhancements targeting TDD CJT and 8Tx operation. We have the following proposals.
SRS enhancements targeting 8Tx operation
Proposal 1: To manage inter-TRP cross-SRS interference, consider non-orthogonal SRS transmissions on overlapping OFDM symbols, including 1) non-FDMed SRSs, 2) non-CDMed SRSs, and 3) FDMed/CDMed SRSs with non-negligible received timing offsets and power imbalance.

Proposal 2: For evaluations of SRS enhancements to manage inter-TRP cross-SRS interference targeting TDD CJT, focus on the following baseline assumptions:
SRS-based LLS: 1 TRP and 2 UEs with non-orthogonal SRSs 
E.g., with same or different numbers of antenna ports, frequency-domain resource allocations, and sequences/cyclic shifts; with received timing differences by up to +/-1 CP; and with received power level differences by up to +/-6 dB
FFS: evaluate the channel estimation performance of only one of the SRS transmissions (e.g., one as useful signal and the other as interference) or all of the SRS transmissions (e.g., both as useful signals and interference)
Other LLS and SLS are not precluded.

Proposal 3: For TDD CJT SRS enhancements, study the pros and cons of TRP-common SRS and TRP-specific SRS, and decide to support one or both.

Proposal 4: For TDD CJT SRS enhancements, study at least the following potential techniques:
SRS interference randomization via partial sounding start RB location hopping with repetition in one FH period 
SRS interference randomization via new cyclic shift mappings
SRS interference randomization via new sequences for partial sounding start RB location hopping 
SRS capacity enhancement via partial frequency sounding with other PF factors such as 3, 6, 8, or 12 
SRS capacity enhancement via increased maximum numbers of cyclic shifts 
SRS capacity enhancement via truncated sequences 

SRS enhancements targeting 8Tx operation
Proposal 5: Clarify that the Rel-18 scope for 8Tx SRS includes only 8T8R SRS. 

Proposal 6: For SRS enhancements targeting 8Tx operation,
Consider at least the following parameters:
The number of SRS resource sets, the number of SRS resources, the number of ports per resource, the number of OFDM symbols, and the allowed configurations for comb / comb shifts / cyclic shifts
Consider at least the following factors:
UE capabilities, gNB configuration flexibility, usage, latency, multiplexing, and SRS transmission power
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